In problem-solving situations, the contextual features of problems affect student reasoning. Using Newton's Third Law as an example, we study the detail of the involvement of contexts in students' uses of alternative conceptual models. Through research, we identified four contextual features that are frequently used by students in their reasoning. Using these results, a multiplechoice survey was developed to probe, in large classes, the effects of the specific contextual features on student reasoning. Measurements with this instrument show that the different contextual features can affect students' conceptual learning in different ways. We compare student data from different populations and instructions and discuss the implications.
I. Introduction
Over the past two decades, a significant amount of research has been conducted to investigate students' use of incorrect reasoning in solving physics problems. 1 These alternative ideas (often incorrect) were described as pre-conceptions, misconceptions, alternative concepts, etc. At both college and precollege levels, studies have shown that, the formation and application of these conceptual knowledge are strongly context dependent. 2, 3, 4, 5 As indicated by research, in problem-solving situations, the context settings of the problems can have significant influence on students' reasoning. 6, 7 Many physics concepts, such as the Newton's Third Law (Newton III), can involve a variety of different contextual features. These features, when not treated properly, can often increase the difficulty in probing student learning and delivering effective instruction. Therefore, the details of how different contextual features can affect students' reasoning are of great importance to researchers and instructors in understanding students' conceptual development.
Based on the context dependence of learning process, we developed Model Analysis where the different types of students' reasoning are described with student models. 8 In Model Analysis, both the models which students use and the contexts in which they use the models are part of the analysis. The assessment investigates how students apply a model of a concept as well as how this application varies as the context is changed. In the Model Analysis approach one does not simply say that a student can or cannot apply a correct model of a given concept. Instead, one states that the student is likely to use a particular model with a certain probability on problems related to a concept. Further, one can begin to understand which contexts are difficult for the student to apply the model. Thus, the researcher can start to build a picture of the students' model states with respect to the concept.
In Model Analysis, we have developed numerical methods to extract the information of students' use of models with model-based multiple-choice instruments. These also provide convenient tools to study and assess the involvement of different contextual features in students' models. Popular instruments for probing students' broad understanding of concept such as Newton II exist. 9 However, for complicated concepts such as Newton III, existing instruments were often designed with multiple contextual features entangled in a single question. Thus, probing the involvement of a particular contextual feature in the formation and application of students' models is difficult. 10 In this research, we aim to develop a new type of instrument where a single question only measures the effects of one contextual feature involved with a particular concept.
In section II we present a brief review of the literature on Newton III and the involvement of contextual features in student reasoning. Section III describes our research on identifying the important contextual features. In section IV, we discuss the measurement and introduce the research on the development of a new instrument. Section V gives an application example using this new instrument with detailed data analysis. In section VI, we discuss the implications of this research and conclude with a summary.
II. Student Models of Newton III and the Involvement of Contextual Features
Before going into more details of the analysis, we first briefly review what we mean as a model. 11 A model is a functional mental construct that is associated with a specific concept (or a topic) and can be applied directly in context instances relevant to the concept to obtain explanatory results. Models have direct causal relations with the responses students generate in various problem-solving situations. Other researchers have also studied this issue where they defined facet 12 , mental model 13 , student views 14 , etc. A comparison with the literature reveals that facets, mental models, and student views represent mental constructs that are fundamentally similar to what we call models. However, in our definition, models have explicit attributes with respect to contexts and are considered to have direct casual relations with the responses produced by the students. In mental operations, models are usually involved in an explicit manner. In our research, we study the models that students have or develop in learning physics. For convenience we call these student models. 15 With a particular physics concept, through systematic research, we can identify a finite set of commonly recognized models. 16 These models usually consist one correct expert model and a few incorrect or partially correct student models. We define these as the physical models of this particular concept. These physical models are common to a group of students with similar background and the existence of these models can be verified through research. The identified of physical models include all the possible forms of students' models: the ones that students bring with them to instruction, the ones that students are likely to create on the spot when confronting new contexts relevant to the concept, and the ones that students can develop during and after instruction.
For a single student to solve a set of questions related to a particular physics concept, there are usually two different situations in the student's use of models: (1) the student can use one of the physical models and be consistent in using it in solving all questions; or (2) the student can hold different physical models at the same time and be inconsistent in using them, i.e., the student can use one of the physical models on some questions and use another model on other questions, even though all the questions are related to a single concept and are seen as equivalent by experts. The different situations of the students' use of models are described with student model states. 17 The first case corresponds to a consistent model state and the second case is a mixed model state. These model states can be measured and calculated mathematically with a multidimensional probability vector to represent the probabilities for a single student to apply different physical models. We can also measure the model states of a population and study the performance of a class.
In physics education research, student understanding on topics in introductory mechanics has been thoroughly studied over decades. Based on the existing knowledge, we can obtain a rather clear picture for the possible forms of the student models used by students in most topics of mechanics. For example, with the concept of the relation between force and motion, we were able to identify three physical models based on the results from our research and the literature. 18 These models involve a single contextual feature -the velocity of the moving object.
On the other hand, models used by students in association with Newton III show much greater complexity, involving not one but several different contextual features. For example, in a study of students' reasoning related to this concept, Maloney found that college students use some sort of dominant principle, 19 where students think that during an interaction, the dominating party exerts a larger force. The dominance can come from several sources: (a) the one with greater mass, (b) the one that actively exerts a force (in contrast to a reaction force). Apparently, these two popular issues are often embedded in the contextual settings of physics questions on Newton III. Students' responses obtained with these questions reflect the students' understandings on the related concept, which are in part built on the ways that the students consider how the different contextual features are involved.
Although studies on student learning of mechanics have successfully identified the important contextual features involved in students' reasoning about Newton III, further research is needed to investigate how the different contextual features may independently (or in combination) affect students' learning. There have been studies on the effects of context on student reasoning, however, these often focus on questioning the consistency of students' using their conceptual models in different contexts. 20 In a recent study on student understanding of forces, 21 Palmer found two types of contextual effects, primary and secondary, based on the strength of the influence that a particular contextual feature can have on student reasoning. In his research, the context is considered as an external factor that affects the student reasoning.
With Model Analysis and the framework we develop in this paper, the context is considered as a significant part of the student reasoning itself, and we use the contextual features as the basis to study students' conceptual understanding.
III. Contextual Features Associated with Newton III
From existing research, we can easily identify two contextual features that are frequently used by students in their reasoning when working with problems associated with Newton III: (a) mass, (b) source of the force (who is pushing). Since students often associate force with velocity, 22 our empirical experience suggests two additional possibilities: (c) velocity, and (d) acceleration.
To validate this speculation, we interviewed 9 students from an introductory physics class (Concepts of Physics) at Kansas State University 23 . The class has no math requirement and is for students majoring in elementary school education. The interviews were conducted in the middle of the course, about two weeks after the students had finished studying Newton III. The students volunteered to be interviewed; no attempt was made to obtain a representative sample from this class. In the interviews, the students were asked to think aloud their reasoning on questions designed with the four contextual features. The protocol was designed so that each question involved only a single contextual feature. Figure 2 , 2, and 3 are sample questions that are designed with isolated contextual features of velocity, mass and pushing respectively. Open-ended interview question on Newton III with the contextual feature of mass. From students' responses in these interviews, we found that, in general, many students (7/9) consistently employed the dominance viewpoint in describing the forces on the objects -they determine that the object with dominating features applies a greater force. The dominating features are selected from three contextual features: velocity (V), mass (M), and source of the force (P). Table 1 shows some typical incorrect student reasonings identified in the interviews. Later in the interviews, the a modified version of the question shown in Figure 5 is revisited where we ask students to "consider the case that before the collision, the car is traveling at a constant speed while the truck starts slow and is speeding up. At the moment of collision, both vehicles happen to be traveling at the same speed. Describe the forces between them at the moment when they collide." When we said that at the instance of the collision, both objects have the same velocity, all but one student claimed that the force should be equal and considered the acceleration (A) irrelevant. 25 Therefore, we can conclude that most students we interviewed do not consider acceleration as a factor with significant effects in their reasoning on questions related to Newton III. In our later analysis, we still keep this contextual feature to see if other populations may incorporate this feature differently.
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We also found that students can use combinations of different contextual features in their reasoning and may consider them with different levels of significance for specific questions. At this stage of research, we did not pursue further into these details and focused on the study of the first order relation of the contextual features.
26 Table 3 . Interview results on student reasoning.
Contextual Features
Incorrect Mixed Correct
Students consider the corresponding contextual feature irrelevant.
For a brief summary, Table 2 shows the incorrect reasoning of the interviewed students corresponding to the four contextual features. As indicated from the results, these four contextual features represent the ones that are frequently used by students in their reasoning; therefore, we define them as the physical features related to Newton III. In out definition, the term physical feature describes a unique contextual aspect of a physical scenario that is considered relevant to the related physics concept by experts and/or students.
27

IV. Measuring the Effects of Contextual Features on Students' Reasoning
The physical features can be used as the basis to study the detailed structures of student models of a particular concept. To do so, we need a probing instrument that can provide measurement on the effects of the individual physical features on students' reasoning. However, many of the questions in existing instruments are not designed with isolated physical features. For example, the question shown in Figure 6 mixes two physical features, mass and pushing, together. If a student answers that Bob exerts a larger force, no further evidence can indicate if the incorrect response is generated based on consideration of mass, of pushing or of both.
kg 100 kg
Bob Jay
Figure 7. Question 11 in FCI (original version). This question is on Newton III with mixed contextual features of mass and pushing.
A New Multiple-Choice Instrument on Newton III and Model-Based Assessment
Based on the research in the literature and the results from our interviews, we developed a new multiple-choice instrument where each question only measures students' reasoning related to a single physical feature of Newton III. In order to measure the possible mixing of students' use of their models, 28 for each of the four physical features, we designed three questions using different context settings. In Figures 8 and 9 , we show two sample questions: question 7 on velocity and question 15 on mass. As we can see, with question 15, if a student selects choice (d), "Each student exerts a force on the other, but Bob exerts the larger force," we then have strong evidence to infer that this student is using an incorrect model based on the physical feature of mass. The complete survey is included in the Appendix. In Table 3 , we list the questions in clusters based on the physical features that these questions are intended to measure. This instrument is designed to use with Model Analysis, and each physical feature is used as an independent dimension to represent students' model structures. On each dimension (corresponding to a specific physical feature), we can further construct a multi-dimensional model sub-space spanned by the physical models involved with this particular physical feature. In the case of Newton III, the sub-spaces for all four physical features happen to have three dimensions (three physical models for each physical feature). In general, the dimensions of these sub-spaces can be different. As an example, with the physical feature of pushing (P), we define the following physical models based on research: The party exerting the force will exert a larger force during interaction. (incorrect student model)
In Table 4 , we list all the physical models corresponding to the four physical features. The associations between the choices of the questions and the physical models are also listed and are used in our later analysis to analyze students' raw responses. Note that in this example, we have only one incorrect model for each physical feature. In general, one can imagine situations where more than one incorrect model exists. 
Validation of the Instrument
As a partial validation on the measurement consistency of this instrument, we selected 6 questions from the survey and used them in the 9 interviews that are also used to confirm the "existence" of the physical features. This approach reduced the time span for this research by combining two tasks in a single interview: (1) identifying and confirming the existence of the physical features, and (2) validating our design of the survey instrument. The first task relies on analysis of open-ended explanations and discussions from the students. In the second task of validating the instrument, we first ask students to solve the multiple-choice questions altogether and then have them explain their reasoning used to generate their answers. 31 The consistency between students' responses to the questions and their reasoning is used to evaluate if the questions can measure accurately the underlying student models.
In all the interviews, students' reasoning and their selections of the answers are found consistent, and we didn't find any apparent communication problems with the questions -most students understand the questions well and their explanation show consistency between their understanding and the intentions of the experts. As often observed in interviews, some students may change their minds when explaining their reasoning. In this research, we have also observed this situation; however, in our cases the reasoning that these students brought up initially (before their second thoughts after some extensive discussion) are all consistent with the answers they selected. Even when students did change their minds, they all came up with answers compatible with the choices of the multiple-choice questions and their modified explanations are also consistent with their new answers.
As discussed earlier, students can use mixed ideas in their reasoning. When multiple questions related to a single physical feature are presented to students, they may respond with different models on different questions. This indicates that using these questions we can obtain measurement on students' mixed model states and the significance of different contexts in triggering students' use of models.
V. Assessing Students' Models with Multiple-Choice Instrument
The Population
The new multiple-choice survey was used in 5 introductory physics courses at Kansas State University (Fall, 1999). These courses include: Physical World (PW), an conceptual-physics course for non-science majors with no math pre-requisites; General Physics 1 (GP1), the first semester of a twosemester, algebra-based physics course; General Physics 2 (GP2), the second semester of a two-semester, algebra-based physics course; Engineering Physics 1 (EP1), the first semester of a two-semester, calculusbased course for physics and engineering majors; and Engineering Physics 2 (EP2), the second semester of a two-semester, calculus-based course for physics and engineering majors. A brief summary of these courses is listed in Table 5 . All the courses used traditional instruction. In the beginning of the 5 courses, we surveyed a total of 280 students -about 60 students from each course. Students in PW, GP1, and EP1 haven't had any instruction on mechanics before they took the courses. Students in GP2 and EP2 all had instruction on mechanics from their previous courses (GP1 and EP1). Therefore, using this setup, we can approximately study the change of student understanding before and after traditional instruction.
In the following two sections, we apply two numerical methods, Concentration Analysis and Model State Estimation, to analyze the data. In this paper, we only provide limited descriptions of the operations of these tools. More details are provided in references 2 and 8.
Concentration Analysis
As a way to validate the effectiveness of this multiple-choice instrument, we first use the Concentration Analysis to evaluate the design of the distracters. 32 As we learn from qualitative research on student learning, student responses to problems in many physical contexts can be considered as the result of their applying a small number of conceptual models. The way in which the students' responses are distributed on model-based multiple-choice questions can yield information on the students' state: for a particular question, highly concentrated responses implies that many students are applying a common model associated with the question; whereas randomly distributed responses often indicate that students have less commonality in reasoning (sometimes, this situation corresponds to the case where most students have no systematic model and/or the question is not well designed to extract useful information on students' models).
It is then convenient to construct a simple measure that gives the information of how all students' responses are distributed among the choices of a particular multiple-choice question. This measure is defined as the concentration factor, C, which is a function of students' responses and takes a value in 
where m represents the number of choices for a particular question, N is the number of students, and n i is the number of students who select choice i of the question.
Due to the non-linearity of the concentration factor, a value greater than 0.5 represents a fairly high concentration (>60% students select the same choice of a question). A value between 0.2 and 0.5 is considered as medium concentration, in which case students' responses are often concentrated on two choices indicating a possible two-model situation. A value less than 0.2 indicates that the students' responses are somewhat evenly distributed among three or more choices. In this case, students can either have no consistent reasoning at all and respond rather randomly or they may have a evenly distributed population for all the possible models involved in the question (further clarification of the detail requires looking at the content of the question and student behavior in interviews).
In Table 6 we show the results of the concentration analysis of student responses on this multiplechoice test for the five courses. For easy comparison, we first calculated the concentration factors for all 16 questions and then grouped the questions based on the different physical features to obtain average results of the groups, which are shown in the table.
The concentration analysis provides a convenient tool to study if a question can pick up common incorrect student models or if students actually have a common model at all. Therefore, it can be used to assess student learning as well as to facilitate the development of multiple-choice instruments. For a concept involves two common models, as in the cases of Newton III, a well-designed question often has medium to high concentration on students' pre-test data. As shown by table 6, the questions corresponding to the 4 physical features all have quite high concentration factors, whereas the questions we used to explore certain interesting possibilities, denoted with "others", have systematically lower concentration factors. This indicates that with the 4 physical features, most students have common types of reasoning (models) similar to the ones that we have identified. It also shows that the choices of the questions match well with these models. A more detailed look at the data shows that the students' responses on questions with the physical features of velocity and mass have high concentration values but low scores. This indicates that most students selected the same incorrect answers on these questions (common incorrect models). On the contrary, for questions with the physical feature of acceleration, students' responses show high score and high concentration showing that most students selected the correct answer. On questions with the physical feature of pushing, students' responses have a medium value for concentration factor, which indicates that students often select between two popular answers. In this case, students usually have mixed state of understanding. To look for the detail of all these possible situations of student models, we need to use our knowledge from qualitative research (the content of the questions) and apply algorithms in Model Analysis to extract the probability states of students' use of different models.
Table 13. The average scores and concentration factors of student responses on all 16 questions for the five courses (only the average results of the question groups corresponding to the different physical features are shown).
Class
Model State Estimation
Using each physical feature as an independent dimension, we analyzed student model states. As detailed in references 2 and 8, the model state for a single students gives the amplitude of distributed probabilities for the student to be cued into using the different physical models associated with the set of questions used in the measurement. The model state for a population gives the amplitude of the distributed probabilities for the population to use the different physical models. These distributed probabilities are stored in a model state vector and the structure of it can provide important information on the ways that students apply their conceptual models. In particular, it provides a numerical measure of how a single student or a population may mix to use different conceptual models in contexts that are regarded equivalent by experts. As shown by research, such mixed states are often a crucial intermediate stage of a favorable conceptual change. 33 To calculate the model states, we first code students' raw responses to obtain single-student model vectors by using the scheme shown in table 4. Then a class model density matrix is obtained for each course using the single student model vectors. We then calculate the eigenvectors and eigenvalues of the class model density matrix. Figure 12 shows a schematic of the procedures for the calculation. 34 As discussed in reference 8, the class model state vectors are the eigenvectors of a class model density matrix and reflect the set of unique features of the model states held by the individual students in the class, whereas the eigenvalues reflect the popularity of the corresponding class model states. A useful way to investigate the shift in student thinking between two common models is to create a model plot. 35 As shown in Figure 13 , a particular model state as well as its eigenvalue can be represented with a point (e.g. B) on a model plot where the horizontal and vertical components equal to the products of the square of the class model state vector's two corresponding elements and eigenvalue of the class state. The calculated results give the probabilities for the class to apply the models represented with the corresponding axis. From a model plot, we can obtain useful information about the class population and individual students' use of their models. In general, the value of the largest eigenvalue can provide a measure on the consistency of the population. For example, a class model state with a large eigenvalue, which results in a point close to the upper boundary line, indicates that a large number of students in the class have model states similar to this class model state, i.e., the class has a somewhat consistent population.
The information on the individual students' using their models is reflected by the eigenvectors (or class model state vectors). If most students in a class are consistent in using their models, which results in "pure" single student model states, the point representing the class model state will be in either Model 1 (correct) or Model 2 (incorrect) regions. When individual students are inconsistent in using their models, which results in "mixed" single student model states, the point representing the class model state will be in the mixed model region. From figure 9 , we can see that for the physical features of mass and velocity, the primary model state of all the classes stay in the region representing a consistent incorrect model (model 2). This indicates that most students have a dominant consistent incorrect model. The popularity of the incorrect model somewhat decreases in higher-level courses -from 90% (GP1) to 60% (EP2) but the model states stay in the model 2 region showing that most students in these five classes apply their models consistently, i.e., no mixed use of different models. In this situation, the eigenvalue of the primary model state can provide an estimation of the size of the students using the incorrect model. Student model states with the physical feature of acceleration appear to be the opposite of the situations with mass and velocity. In this case, most students hold a consistent "correct" model where they consider acceleration irrelevant. Although students give correct responses on the related questions, it does not mean that student models are the same as the expert one. Correct understanding of the underlying student reasoning requires further studies with detailed interviews. As a preliminary indication, the analysis of our interviews, suggests that a possible reason for the students to consider acceleration irrelevant is not that they truly understand the nature of Newton III but rather that they consider the velocity is the major factor and acceleration is something related to velocity and will not make direct effect.
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With the physical feature of pushing, student model states show a different structure. The low level classes still have a dominant consistent incorrect model. As the level of class gets more advanced, student model states become more mixed. The most advanced class (EP2) has nearly a perfectly mixed model state with a quite large eigenvalue (~0.8), which also indicates that most students in this class have mixed model states and the structures of the individual single-student model states are also similar (students behave similarly). This is very different from the situations with the other physical features and implies a different process in conceptual development. Notice that among the five classes, three (PW, GP1 and EP1) have had any instruction on mechanics and two (GP2 and EP2) had instruction on mechanics in the previous semester. As clearly shown in the model plot, the three classes without instruction all stay in the model 2 region representing a consistent incorrect model. The two classes with instruction are in the mixed region. The shifts of the class model states are consistent with our presumptions that in learning students often start with consistent incorrect model and go through a stage of mixed models towards building a consistent correct model.
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Implications on Conceptual Development
As recognized by many researchers, the stage of mixed model state is often an important intermediate step for a complete favorable conceptual change. Therefore, we put more emphasis on the study of student reasoning concerning the physical feature of pushing. In our interviews, when we ask the students to explain their reasoning related to the physical features of pushing, many (7/9) of them specifically quoted that "when you pushing something, you get pushed back". A significant number (4/9) of students even explicitly said that "the force is equal and opposite" and tried to use this idea in their reasoning. Some of the students can even associate these correct ideas with examples such as push against a wall from their experiences. In the following, we summarize some common behaviors of the students identified in our interviews:
1. Students often use the two sentences discussed above in their explanations on questions involving pushing. With questions that do not explicitly involve the issue of pushing, students look for mass or velocity instantly in their reasoning without even bother to recall the two sentences, which many of them can memorize (especially the first one) and relate to examples from their personal experience. It appears that for the students in our interview, the two sentences are strongly associated with the issue of pushing only.
2. When students use the two sentences, the first one is very easy for them. On the other hand, many students still have problems with the second sentence and have the tendency to think the one who pushes exerts a larger force. So students can sometimes give contradictory answers on similar questions with pushing resulting in a mixed model state.
With the results from the qualitative and quantitative methods, we can infer a possible explanation for the why student model states are different with the physical feature of pushing. It appears that "Pushing" is often the first and the most common issue in examples used to introduce Newton III. More importantly, most students all have the experience of being pushed back when they are pushing an object. Integrating this piece of student experience as examples in instruction can make this side of the concept of Newton III directly linked to students' life experience and presumably more meaningful for them to understand. Therefore, students can have significant changes of their models on this physical feature even with traditional instruction. On the other hand, students' strong naïve models associated with mass and velocity often receive inadequate treatment (or ineffective treatment) through traditional instruction and students' changes on their models with these physical features are rather insignificant.
VI. Implications on Instruction and Summary
This study can provide a piece of evidence for the context dependence of conceptual learning (conceptual changes). The result implies that effective instruction often requires that the instructional contexts be integrated with the students existing knowledge system. As we can see from this example, when the contexts used to present the new concept are treated properly, even traditional instruction can make significant impacts on students' conceptual understandings; however, such learning process happens in a highly context-dependent manner. Therefore, instruction should be developed based on a good understanding of the possibilities of student models as well as the effects of contextual features. Successful instruction should also include effective assessment tools to provide accurate and context-rich information of students' state of understanding.
The method discussed in this research can be a useful assessment tool in research and instruction. It has several advantages over score-based methods:
1.
It uses multiple-choice instruments making it appropriate and feasible to implement this method in large classes.
2.
The probing instruments and analysis methods are based on systematic research of student conceptual models and thus can provide detailed and validated information on the state of student understanding.
3.
The method of using physical features to study the structures of student models can yield explicit information to both researchers and instructors on the details of how contexts and students' conceptual models interact during the process of conceptual development for a single student and or a population.
VII. Summary
In this study, we found that student models show different structures with different physical features and the student model evolution during instruction also show different processes with different physical features. Such information is often unavailable using assessment instruments designed with entangled physical features. As an example, the new instrument and algorithms in Model Analysis are found effective in measuring and analyzing the details of the structures of student models. With this new method, we can obtain detailed quantitative information on student models with a particular physical feature. In addition, the results from these methods can provide researchers and instructors explicit information on student conceptual understanding with respect to specific contextual features. • Your name and ID on this survey are for administration purposes, and your result will be kept strictly confidential.
Appendix: Survey on Student Models of Newton's Third Law
Use the following choices to answer questions 1 -4. A. The truck exerts a greater force on the car than the car exerts on the truck. B. The car exerts a greater force on the truck than the truck exerts on the car. C. The truck exerts a force on the car but the car doesn't exert a force on the truck. D. The car exerts a force on the truck but the truck doesn't exert a force on the car. E. The truck exerts the same amount of force on the car as the car exerts on the truck. F. None of the answers above describes the situation correctly.
1. As shown in the figure on the right, a collision happens between a small pickup truck and a car. The small truck has the same weight as the car does. At the time of collision, both vehicles travel at a constant speed but the small truck is moving at a slower speed than the car. When they collide, which choice describes the forces?
2. Now consider the case that before the collision, the car is traveling at a constant speed while the truck starts slow and is speeding up. At the moment of collision, both vehicles happen to be traveling at the same speed. When they collide, which of the above choices describes the forces?
3. As shown in the figure below, a car breaks down on the road and is pushed into town by a small AAA service truck. The small truck has the same weight as the car does. While the truck, still pushing the car, is speeding up, which choice describes the forces?
4. As shown in the figure below, a collision happens between a big truck and a car. The big truck has a much larger weight than the car does. Before the collision, both vehicles are traveling at a same constant speed. When they collide, which choice describes the forces?
5. Two boys, Jimmy and Max, are tossing identical marbles at each other. The Max is a little stronger than the Jimmy, so the marble from him goes faster than the marble from the Jimmy. During one nice shot, the two marbles, one from the Max and one from the Jimmy, collide in mid air (see figure  below) . 10. As shown in the figure below, an enemy aircraft drops a bomb, which is gliding down at a constant speed toward people on the ground. A missile is launched and is accelerating toward the bomb. The missile and the bomb happen to have the same weight. At the moment the missile hits the bomb, they both are moving at a same speed and neither of them explodes after the hit. Which choice describes the forces?
A. The missile exerts a greater force on the bomb than the bomb exerts on the missile. B. The bomb exerts a greater force on the missile than the missile exerts on the bomb.
C.
The missile exerts the same amount of force on the bomb as the bomb exerts on the missile.
D.
The missile exerts a force on the bomb but the bomb doesn't exert a force on the missile.
E.
The bomb exerts a force on the missile but the missile doesn't exert a force on the bomb.
F.
None of the answers above describes the situation correctly.
Use the following choices to answer questions 11 and 12. A. The floor exerts a greater force on the feet than the feet exert on the floor. B. The feet exert a greater force on the floor than the floor exerts on the feet. C. The feet exert a force on the floor but the floor does not exert a force on the feet. D. The floor exerts a force on the feet but the feet do not exert a force on the floor. E. The floor exerts the same amount of force on the feet as the feet exert on the floor. F. None of the answers above describes the situation correctly.
11. Anna is taking an elevator from fourth floor of the physics building to catch the next class in the basement. In the elevator, Anna is standing right in the middle without touching any thing else. When the elevator just started to go down. Which above choices describes correctly the forces between the floor of the elevator and Anna's feet?
12. After class, Anna is taking the same elevator from the basement back to fourth floor to ask for help from his physics professor. In the elevator, Anna is standing right in the middle without touching any thing else. When the elevator just started to go up. Which above choices describes correctly the forces between the floor of the elevator and Anna's feet?
15. Two students, Bob and Jay, sit in identical office chairs facing each other. Bob has a mass of 100 kg and Jay has a mass of 70 kg. Both Bob and Jay place their feet against the other, as shown to the right. They then both suddenly push outward with their feet at the same time, causing both chairs to move. In this situation, while their feet are still in contact, which of the following choices describes the force? A. Jay exerts a force on Bob, but Bob doesn't exert a force on Jay. B. Bob exerts a force on Jay, but Jay doesn't exert a force on Bob. C. Each student exerts a force on the other, but Jay exerts the larger force. D. Each student exerts a force on the other, but Bob exerts the larger force. E. Each student exerts the same amount of force on the other. F. None of these answers is correct.
16. Now Bob and Peter sit in identical office chairs facing each other. They all have the same mass of 100kg. Peter is a football player and is much stronger than Bob. Again, they then both suddenly push outward with their feet, causing both chairs to move. In this situation, while their feet are still in contact, which of the following choices describes the force? A. Peter exerts a force on Bob, but Bob doesn't exert a force on Peter. B. Bob exerts a force on Peter, but Peter doesn't exert a force on Bob. C. Each student exerts a force on the other, but Peter exerts the larger force. D. Each student exerts a force on the other, but Bob exerts the larger force. E. Each student exerts the same amount of force on the other. F. None of these answers is correct. 24 When dealing with the mixing of student models, we consider two different types of mixed states: explicit mixing and implicit mixing. Explicit mixing describes the situation where a single context setting activate a student to explicitly consider two different models at the same time. Implicit mixing describes the situation where a single context setting always activate a student to use one model but different equivalent context settings will cue the same student into using different models. More details on how to study and assess the different types of mixing are discussed in reference 8 and in a paper in preparation. 25 Here, although students consider the acceleration irrelevant, but it doesn't mean that these students have the correct expert model on this issue. It only reflects that most students don't associate this issue in their reasoning. 26 We are studying this issue and will report in the near future. 27 See reference 2 for more details on physical features. 28 See reference 5. 29 The numbering tradition of the physical models is different from the one used in reference 5. The system used in this paper makes it more convenient to represent model space when the number of the physical models with different physical features may vary. The superscript "P" is used to represent the dimension related to pushing. 30 See chapter 5 of reference 5. 31 Strictly speaking, the development of the survey and the interviews are done in the same time frame.
The interviews are conducted over a period of two weeks and the results from the earlier ones are used to make slight modifications to the survey questions. Our initial design of the survey is largely based on the existing research in the literature as well as our own empirical experience. However, based on the interview results, this initial guess seems to be quite successful which saves significantly amount of time in our research. 32 35 For more details, see reference 5 and chapter 4 of reference 2. 36 See reference 5 for details on model plots and class model states. 37 Quite interestingly, the results also indicate that more students in higher level classes change their ideas on this issue. Our preliminary results indicate that this can happen when students get into confusing/transitional stages (often with mixed model states). We are looking further to the mechanisms behind this phenomenon.
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See references 2 and 14.
